Summary.
The endothelium of the liver sinusoids in the guinea pig was studied with the scanning electron microscope, using specimens fixed by perfusion and treated with the revised tannin-osmium method of MURAKAMI (1974) and devoid of metal coating. The structure of the liver sinusoids has been studied intensively by numerous authors and it has been accepted that their endothelial lining is provided with fenestrae permitting direct communication between the sinusoids and the space of Disse (FAWCETT, 1955; COSSEL, 1964; BURKEL and LOW, 1966; WISSE, 1970; WIDMANN, COTRAN and FAHIMI, 1972) . However, owing to the limited information obtained from the transmission electron micrographs of thin sections, the questions regarding the distribution, structure and nature of those fenestrae, which seem to bear a profound functional significance in liver microcirculation, have not been satisfactorily answered.
In this study, we will challenge the questions using a new methodology, scanning electron microscopy, which is incomparably useful for visualizing the threedimensional surface structures (cf. FUJITA, TOKUNAGA and INOUE, 1970) . The quesreported by ASHWORTH and SANDERS (1960; cf. also WISSE, 1970 ) and whose occurrence is still thrown into doubt by the recent scanning electron microscope studies (BROOKS and HAGGIS, 1973) , will also be discussed in this study.
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Materials and Methods
Adult guinea pigs weighing about 300-400g were anesthesized with chloroform and decapitated to exanguinate.
Then, the animals were perfused with Ringer's solution and with a 0.1M phosphate buffer containing 2% glutaraldehyde (pH 7.4) by a razor blade. The cut specimens were fixed for 24hrs in 2% glutaraldehyde in a phosphate buffer (pH 7.4) and treated successively with a solution of sucrose, sodium glutamate and glycine, a solution of tannic acid and that of osmium tetraoxide according to the method of MURAKAMI (1973 MURAKAMI ( , 1974 . The specimens thus treated were washed in distilled water, dehydrated through a graded series of acetone, dried in the air and observed, without any metal coating, under a scanning electron microscope, JSM-U3 (JEOL), using accelerating voltages of 10-15kV.
Results
The revised tannin-osmium method avoiding the metal coating of specimens was evidenced in the present study to be highly useful for the observation of the detailed surface structures. As seen in Figures  3 and 8, the microvilli of bile canaliculi, which have been obscured by the previous metal coating (cf. FUJITA, TOKUNAGA and INOUE, 1970) , are clearly visible in our non-coated specimens though the images are weakly contrasted (cf., also ITOSHIMA et al., 1974b) . Moreover, our specimens are hardened by the intensive impregnation with osmium, so that the tissues show no marked shrinkage in spite of air-drying and even the delicate cell processes such as the microvilli of the hepatic cells are preserved in their natural state. The liver of the guinea pig consists, as is well known, of unseparated lobules intervening between the tributaries of portal and hepatic veins (Fig. 1) . The hepatic cells constituting the lobules face the sinusoids which receive blood from the portal vein and the hepatic artery and are drained by the central vein. Though we are studying various aspects of the liver architectures by scanning electron microscopy (cf. ITOSHIMA et al., 1974 a, b) , the present description will be concentrated on the venous systems, especially, on the structures of their walls. The central veins received multiple channels formed by the convergence of sinusoids ( Fig. 1, 2 ), while the tributaries of the portal vein, which ran with the bile ducts, possessed only scarcely scattered orifices on their walls to supply the adjacent lobules ( Fig. 1, 5 ).
The wall of the distributing veins of the portal vein was rather smooth, and slightly elevated bulgings of round shape representing the endothelial nuclei were noticed here and there (Fig. 5) . The boundaries of the endothelial cells were obscure. The surface structure of the central veins was similar to that of the distributing veins except that the nuclear bulgings were spindle-shaped (Fig. 1) .
The sinusoids were lined by endothelial cells with many palmated crests expanding radially from the nuclear swelling of the cell (Fig. 7, 8 ). The boundaries of the cells were indented (Fig. 4) . The attenuated membrane forming the web among the palmated crest was perforated with round or oval intracellular fenestrae through which the microvilli of the hepatic cells were clearly seen (Fig. 3, 4 ). There were also observed intercellular fenestrae which interrupted boundaries of the endothelial cells (Fig. 4) . The calibers of the fenestrae including those formed by the boundaries face of the endothelial cell including the web of the palmated membrane there were the cell was not accurately confirmed (Fig. 4, 6, 7) . Besides these pores, small cytoFenestrations of the sinusoids in the periphery of the lobule markedly differed from those in the central portion.
Near the distributing veins the endothelial lining cells were provided with only a few small fenestrae.
On the other hand, many diameter, were gathered here forming a sieve (Fig. 7) . The nuclear and palmated swellings possessed some pits and buds also in this area (Fig. 5, 6, 8 ).
The fenestrae gradually increased in size and number as the sinusoids were traced towards the central vein. Close to the central vein, there were seen large
The surface of the endothelial cells near the central vein also possessed pores forming a sieve similar to those near the distributing veins. Beneath the endothelial cells there sometimes were cytoplasmic processes extending in the space of Disse. These underlying processes, which were like octopus tentacles in appearance and rather smooth in surface structure, could be accurately observed through the fenestrae of the endothelial cells (Fig. 4) .
It was noticed that some parts of the sinusoidal wall, exclusively near the distributing vein, were lined by thick and stellate cells. They protruded into the lumen of the sinusoids and horizontally extended their thick processes like a star-fish. Their more in thickness.
No fenestrae were found in this type of cells. In some cells, a nuclear portion (Fig. 8) .
Discussion
The present scanning electron microscope study unequivocally demonstrates that the endothelium of the liver sinusoids of the guinea pig is fenestrated. Similar results have been obtained in man and various animals including the guinea pig by many authors using the conventional transmission light and electron microscope methods (FAWCETT, 1955; COSSEL, 1964; BURKEL and LOW, 1966; TANIKAWA, 1968; ITO and SHIBASAKI, 1968; WISSE, 1970; and others. Recently. MIYOSHI and OGAWA (in a symposium for biomedical scanning electron microscopy held in Kyoto, 1973) and BROOKS and HAGGIS (1973) demonstrated the fenestrations of the endothelium of the liver sinusoids in rabbits and rats under the scanning electron microscope, respectively.
The present study indicated that, on the basis of their size and location, there were two types of endothelial fenestrations which have been overlooked by previous authors.
One was the fenestrae on the palmated membrane which were large enough to see the microvilli of the hepatic cells through them. Another fenestration was small pores which were gathered to form a sieve plate described by WISSE (1970) On the basis of their transmission electron microscope observations of fixed ultrathin sections, some authors are in doubt about the occurrence of such large fenestrae cf. WISSE, 1970) . The same doubt has been proposed by BROOKS and HAGGIS (1973) , who observed the perf used rat specimens obtained by their freeze-fracture and freezedrying technique under the scanning electron microscope. However, we can hardly accept the view that the large fenestrae are the sequelae of the ruptured cytoplasmic membrane of the endothelium because they were so smoothly round-shaped and so regularly distributed. Moreover, it should be remembered that the occurrence of such large fenestrae has been also observed in the non-perfused specimens under the transmission electron microscope (ASHWORTH and SANDERS, 1960; ITO and SHIBASAKI, 1968; TANIKAWA, 1968 ).
The underlying processes, which were observed through the fenestrae of the endothelium and anchored in the space of Disse, my correspond to those of the fat-storing cell of ITO (ITO and SHIBASAKI, 1968) judging from their form and position. The littoral cells characterized by their thickened cell body, cytoplasmic processes and no fenestrae, were exclusively located in the periphery of the lobules. These cells which are believed to be Kuppfer cells on the basis of their shape, may act as cleaning cells to avoid the entrance of foreign bodies into the lobules. The functional significance of the knob-like processes projecting on the center of this cell is unknown. Ito, T. and S. Shibasaki: Electron microscopic study on the hepatic sinusoidal wall and the fatstoring cells in the normal human liver. Arch. histol. jap. 29: 137-192 (1968 -: A revised tannin-osmium method for non-coated scanning electron microscope specimens. Arch. histol. jap. 36: 189-193 (1974 
